TECHNICAL LIBRARY

QUARTERMASTER RESEARCH &

[Reprinted from the Journal of Organic Chemistry, 26, 85 (1961).]
Copyright 1961 by the American Chemica) Society and reprinted by permission of the copyright owner.

»

[ConTRmMUTION FROM TEE ORCANIC CEEMISTRY LanoraTorY, ProNEERING RESRARCHE Drvisiow, QUarTERMASTER RESEARCT
anp Enxcivezming CEnTER, U. 8. Aruy]

Isothiuronium, Alkylthiooxazolinium, and A]kylthiothiazolinium Picrates'

LOUIS LONGQG, Jr., RICHAHD C. CLAPP, FRANK H. BISSEYTT,
anp TORSTEN HASSELSTROM

RBeceived February 22, 1960

N-Substituted S-alkylisothiurcnium picrates are shown to be useful derivatives in the identification of N-substituted
thioureas derived from naturally occurring isothiocyanates, and a series of twenty-four picrates has been prepared. The -
procedure has been adapted to micro techniques. Conditions for the alkylation of 2-thicxazolidones and for the prepara-
tion of a similar picrate derivative from {—)»5-vinyl-2-thioxazolidone (goitrin) are deseribed- The infrared spectrs of the

compounds are reported, and certain features are discussed.

During an investigation of the naturally occur-
ring isothiocyanates in certain plants, an attempt
was made to find a derivative that would be useful
in the separation and identification of substituted
thioureas obtained from the isothiocyanates. The
use of S-alkylisothiuronium picrates to identify
alkyl halides has been described.® It is reported in
the present paper that N-substituted S-alkyliso-
thivronium picrates (I) also constitute satisfactory
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derivatives for N-substituted thioureas. The yield
of picrates obtained (85-909), their high molec-
ular weight, their low solubility, and their erys-
tallinity, as demonstrated in several instances by
well-defined x-ray diffraction patterns,? favored the
use of these derivatives in the isolation and identi-
fication of micro quantities.*

(1) Presented at the 136th National Meeting of the
American Chemical Society, Atlantic City, N. J., September
1959,

(2} () E. L. Brown and N. Campbell, J. Chem. Soc.,
1699 (1937}; (b) W. ). Levy and N. Campbell, J. Chen.
Soc., 1442 (1939); (¢) L. Schotte, Arkiv Kemi, S, 11 (1952),

(3) We are indebted to Dr. G. Susich and Mr. A. King
of this Laboratory for the x-ray diffraction patterns.

{4) R. C. Clapp, L. Long, Jr., G. P. Dateo, F. H. Bissett,
and T. Hasselstrom, J. Am. Chem. Soc., 81, 6278 (1959).

Since a derivative to assist in the identification
of (—)-5-vinyl-2-thiodxazolidone (Ilc), a goitro-

CH—NH,_ CH,—NH
L
N =8 i c=S
o— CHy—s8”
R, I m

. R] = R; =H .

b. Ry = Ry = CH,

c. Ry = CH—=CH,R; = H

genic compound isolated from Brassica seeds® and
found to be present in micro quantities in cabbage,?
was also desired, the preparation of a similar de-
rivative from this compound was investigated.
Hopkins' has reported that 5,5-dimethyl-2-thio-
dxazolidone (IIb) “does not combine with methyl
®dide under ordinary conditions, nor does it form
a picrate.” However, the alkylation of 2-thio-
thiazolidone (III) with methyl iodide under alka-
line® and neutral® conditions and the formation of a
picrate from the resulting 2-methylthio-2-thizzoline
have been described. Model experiments with 2-
thiothiazolidone and 2-thicdxazolidone (ITa) dem-

(5} BE. B. Astwood, M. A. Greer, and M. G. Etilinger,
J. Biol. Chem., 181, 121 (1549).

) {(a) M. R. Altamurs, L. long, Jr, and T. Hassel-
strom, J. Biol. Chem., 234, 1847 (1959); (b) A. L. Virtanen,
M. Ereula, and M. Kiesvaars, Acta Chem, Seand., 12, 580
(1958).

(7) C. Y. Hopkins, Can. J. Research, 16B, 341 (1938).

(8) 8. Gsbricl, Ber., 22, 1139 (1888).

{8) A.F. McKay, I». J, Whittingham, and M.-E. Ereling,
J. Am. Chem. Soc., 80, 3339 (1958).




-

R e i JEEST

- e
e I y
86 ey '—-3’,0,}.*“ LONG, CLAPP, BISSETT, AND HASSELSTROM

onstrated that the alkylation could be effected most
satisfactorily in absolute alecobol in the presence
of sodium ethylate. 2-Methylthio-2-oxazolinium
pierates {IV) could then be obtained from the 2-
methylthio-Z-oxazolines prepared under these
conditions.
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A, R1 = Rg = H
b. By = Ry = CH;
c¢. Ry =CH~CH, R: = H )

Infrared specira. In the aceompanying tables are
shown the maxima between 3 x and 15 p for the N-
substituted isothiuronium pierates, In Table I are
presented those peaks which are constant for the en;
tire group, and in Table II are listed those which

vary.
TABIE 1

Masor Amsorprion Bawps (g} Cosmon 1o N-Sumsti-
TuTED S-ETRTL IsorarvroNIuM PICRATES®

2.01-2.94 6.04-6.08 vs 7.88-7.91 vs
3.02w 6.13-6.16 vs 8.61-8.65 8
3.08w 6.286.30s 9.27-9.30 s
3.18-3.19s 6.68-6.75 8 10.99-11.02 s
3.24m 6.99-7.02s 12.62-12.65 8
3.3 wm 7.30 s 13.40-13 .44 s
3.40 w—m 7.50-7.52 vs 14.06-14.15 s
3.47 w-m 7.63-7.65 vs

¢ Tt was not possible to distinguish between the spectra
of the & methyl and S-ethyl isothiuronium picrates. * vs =
very strong; s = strong; m = medium; w = weak.

The spectra of all the isothiuronium picrates
have strong, characteristic maxima at 6.13-6.16 p
and at 6.28-6.30 u. Interference from picrate ion
bands in this region has been eliminated by com-
parison with the spectrum of the corresponding
iodide salt, as shown in Fig. 1 for the N-ethyl-S-
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Fig. 1. Comparison of the infrared absorption bands
between 6 and 7 p of N-ethyl-S-methylisothiuronium pierate
and its iodide

methylisothiuronium salts. The maximum a$ 6.13—
6.16 g is probably due to an NH, deformation
mode; in thiourea the WH, deformation was found
tobeat 6.18 .1

(10) J. E. Stewart, J. Chem. Phys., 26, 248 (1967).
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The strong maximum at 6.28-6.30 & in the iso-
thiuronium picrates can be assigned fo an N—C—N
system and is analogous to the strong “‘thiou-
reide’”** band which was found to be at 6.29-6.49 ¢
in the corresponding substituted thioureas. The
lower wave length of this band in the spectra of the
isothiurcnium compounds compared to that in the
thioureas is the result of the alkylation of the sulfur
atom, and it is indicative of the increased double
bond character of the C—N bonds in the N—C—N
system.

In the cyclic compounds, the effect of S-alkyla-
tion can be similarly observed by a quantitative
shift of the “thicureide” peak at 6.60 g in 2-thio-
thiazolidone'® and in 2-thioixazolidone,™ which
are true thiones, to a shorter wave length at 6.44 g,
due to an increase in the order of the carbon-nitro-
gen bond.

EXPERIMENTALM

N-Substituted S-alkylisothiuronium picrates. The thioureas
were obtained from isothiocyanates by treaiment with
ammonia in methasel. Unavailable isothbiocyanntes were
prepared from amines by the method of Hodgldns and
Ettlinger.?*

In & typical preparation, a solution of 0.01 mole of the
substituted thiourea snd 0.011 mele of aikyl iodide in 10
ml, of 95% ethanol was refluxed for 10 min. A solution of
0.01 mole of pictic acid in 15-20 ml. of hot 95% ethanol
was added. Water was then added slowly until the crystalline
picrate began to separate, and the precipitate was collected
after cooling. In some instances the picrates separated
without the addition of water. The compounds were purified
by erystallization from ethanol, water, or aqueous ethanol.

The picrates prepared are listed in Table II1. Several of
the picrates have been reported in the Literature but with
incomplete characterization. )

2-Melhylthio-2-ozazolinium picrate (IVa). To a solution of
0.26 . (0.0113 g.-atom) of sodium in 15 mL of sbsolute
ethanol was added 1.17 g. (0.0113 mole) of 2-thiodxazoli-
done.’ A solution of 1.64 g. (0.0115 mole) of methyl iodide
in 7 ml of absolute ethanol was added in portions. After
the mixture had been allowed to stand at room temperature
for 1 hr., it was refluxed for 45 min. It was then concentrated
under reduced pressure, and the residue was extracted with
ether. Concentration of the ether afforded a liquid that was
dissolved in 20 m). of ethanol. When the solution was treated
with 2.6 g. (0.011 mole) of picric acid in 50 ml. of ethanol,
s precipitate {175 g.; 44% yield) of fine yellow crystals,
m.p. 122-123.5%, resulted. Two crystallizations from acetone
gave glistening yellow plates, m.p. 124.5-125.5°,

Anal. Caled. for CIOHJDNAOES: C, 34.68; H, 291; S, 9.26.
Found: C, 34.78; H, 3.00; 5, 9.20. :

The infrared spectrum showed the following bands and

- intensities: 2.84(m), 3.30(m), 3.4L{w), 6.06(vs), 6.16{s),

(11} ¢, H. M. Randall, R. G. Fowler, N. Fuson, and
JI. R. Dang), Infrared Determination of Organic Structures,
D. Van Nostrand Co., Inc., New York, 1949, p. 5.

(12) Ref. 11, p. 189.

(13) M. G. Ettlinger, J. Am. Chem. Soc., 72, 4699 (1950).

{14) We are indebted to Mr. C. DiPietro and Mr. W.
Sassaman of this Laboratory for the microanslyses. Melting
points were determined in capillary tubes in a Hershberg
apparatus; final melting points are corrected.

{15) J. E. Hodgkina and M. G. Ettlinger, J. Org. Chem.,
21, 404 (1956).

{16) M. G. Ettlinger, J. 4m. Chem. Sec., 72, 4752
{1050).
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TABLE I1
CHARACYERISTIC ABSORPTION Bawps (i) In N-Susstiruren S-ETHTL IsoTHIURONTUM PIoraTES®
3-Meth-
n~ Iso- - n sEC- 3- ylithio-
Methyl Ethyl Propyl propyl Allyt Butyl Butyl Isobutyl  Buteny!  propyl
6.42 ve? 6.39 vs 6.39 vs 6.33 vs 6.39 vs 6.33 vs 6.33 vs 6.33 v 6.39 vs 6.33 vs
6.62 m 6.43 va 6.43 va 6.45 vs 6.43 va 6.45 vs 6.45 vs 6.45 vs 6.43 vs 6.45 vs
6.81 vw 6.62w 6.62 m 6.8 w 6.81 m 6.62 m 6.64m 6.62m 6.65 m 6.92s
6.90 m 6.80w 6.8l m 7.16m 6.88 m 6.89s 6.85m 6.89 m 6.88s 7.24 w
7.089m 7.20w 6.89w 8.53m 7.22m 7T.23w I0.65 w 7.18 w 725w B.80 w
8.85m 7.25m 7.21m 8.80 vw 8.05vs 10.70w 1:0.88w 1062w 1005w 12.16w :
10.65 vw 8.83m 3.80w 10.64 w 10.11m 1230w 10.65 s 12.45 w :
10.75 m 10.67vw  10.67vw 12.50vw 10.72s 10.72 8 13.00 m .
12.52vw 10.80w  10.80m 10.79 8 12.25 m
12.52 w 12.50 m 12.50 w »
@ Table I, footnote a. ® va = very strong; s = strong; m = medium; w = weak.
TABLE Iil
N.Susstrrurep Isormivronrom Picrates? (1)
ut Carbon, %, Hydrogen, %
R, Rs Formula M.P. Caled. Found Caled. Found
Methyl Methyl C,H,;, MN:0.5° 183-184.5 32.43 32.37 3.33 3.59
Methyl Ethyl Crol NGS5 - 161-162.5¢ 34.58 34,49 3.77 3.88
Ethyt Methyl CyoH N 08 163164 34.58 34.37 3.77 3.65
Ethyl Ethyl CnHlstO?S 12&—127 36. 56 36 .49 4. 18 4. 19
n-Propyl Methyl Cp N 05 153-154 36.56 36.49 4.18 4.15
n-Propyl Ethyl CaHNO05 119-120 38.39 38.15 4.57 £.42
Isopropyl Methyl CuHuN0:8 167-168 36.56 36.66 4.18 4.14
Isopropyl Ethyl C. HisNOS 154-155 38.39 38.44 . 4.57 4.41
Allyl Methyl G HpNOS 148-149¢ — —. — —_
Allyt Ethyl Gy Hi NOSB 124, 5-125¢ 38.60 38.49 4.05 3.96
n-Butyl Methyl CHaNO:S 154155 38.39 38.35 4.57 4.71
n-Butyl Ethyl Cp:H o N0:8 122-123 40.10 40.11 4.92 5.07
sec-Butyl Methy! CoHyNO:S 143-144 38.39 38.21 4.57 4.46
sec-Butyl Ethyl CrHu NG5 112.5-114 40.10 39.94 4.92 4.83
Isobutyl Methy! ChraHpNi0:5 163.5-164.5 38.39 38.77 4 57 4.72
Isobutyl Ethyl Ci HyyN;0:8 151152 40.10 39.86 4.92 . 4.87
3-Butenyl Methyl CrB: NO:S 135.5-136.5 38.60 38.53 4.05 4.26
3-Butenyl Ethyl CiHnlN0:3 120-130 40.31 40.32 4.42 4.51
3-Methylthio- Methyl CrrH1N055, 112.5-113.5 35.37 35.16 4.21 4.28
propyl
3-Methylthio- Ethyl CuH N0, T103-104 37.05 37.25 4.54 4.56
propyl
Phenyl Methyl CrHuNOS 176-177.57 42.53 42.18 3.31 3.25 -
Phenyl Ethyl CoH; Ni0-8 198.5-199_5¢ — — — e
Benzyl Methyl Cr:HisNO:S 173174 44,01 44.10 3.69 3.76
Benzyl Ethyl CreHurN:0:3 143.5-144.5 45.39 45.25 4.05 4.12

4 These compounds are indexed in Chem. Abstr. as picrates of, for example, 2,3-dimethyl-2-thiopseudourea. ? J. Goerdeler,
A. Huppertz, snd K. Wember, Ber,, 87, 68 (1954). Used in purification without characterization. ¢ H. L. Wheeler and G. S.
Jamieson, J. Biol. Chem., 4, 111 (1908), reported 157°, No analysis given. 4 A EDixon, J.Ckhem. Soc., 550 (1903), reported
149-150°. ¢ Melted partially st 112.5-113.5° and formed complete melt at 124.5-125°. R. Douris, Bull. sci. pharmacol., 15,
629 (1908), reported sintering at 114° and melting at 123°. No analysi given. / Lit. (ref. &) 176-177°. No analysis given.
¢ J. D. Brooks, P. T. Charlton, P. B. Macey, D. A. Peak, and W. F. Short, J. Chem. Soc., 452 (1950), reported 199.5°.

6.44(vs), 6.71(s), 6.97(m),” 7.31{m), 7.52(vs), 7.86(vs},
8.17(m), B.61(w), 9.25(w), 10.95(m), 12.61(w), 13.40(w),
14.10(w}, 14 26(w), and 15.70(w) .

When the alkylation was carried out in aqueous ethanol
in the presence of sodium hydroxide,’" 2 24% yield of picrate
was obtained. When sn attempt was made to alkylate 2-
thivdxazolidone or 5,5-dimethyl-2-thiodxazolidone with
methyl iedide in refluxing ethanol without alkali, no picrate
was obtained, nor could the thiodxazolidone be recovered.
Decomposition may result from the acid formed in the

(17) H. W. Barrett, I. Goodman, and K. Dittmer, J. Am.
Chem. Soc., 70, 1753 (1948), preferred these conditions for
the methylation of 2-thiouracil.

reaction. When solutions of the oxazolinium picrates were
heated, evidence of decomposition could be observed.

&_Methylthio-5-vinyl-2-ozazolinium picrale (IVe), Allyla-
tion of 0.5 g. of di-5-vinyl-2-thiodxazolidone™ with methyl
jodide and sodium ethylate in absolute ethanel followed by
ireatment with picric acid vielded 048 g. (33%) of the
picrate of the dlisomer, m.p. 101-103.5°% It crystallized
from chloroform-heptase (10:7) as yellow needles, m.p.
104.5~105.5°.

Anal. Caled, for CsH:N,08: C, 38.71; H, 3.25; §, 8.61.
Found: C, 38.79; H, 3.47; 5, 8.65.

‘When 150 mg. of {—)-5-vinyl-2-thiodxazolidone, isclated
from rutabaga seeds,* was methylated in & similar manner,
142 my. (33% yield) of the picrate of the l-izomer, m.p.
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103-104°, was obtained. Recrystallization from chloroform-
heptane afforded yellow needles, m.p. 104.5-105.5°, l«1y
—32.8° {¢, 0.2 in methanol).

Anal. Caled. for CoaHaNOS: C, 38.71; H, 3.25. Found:
C, 38.58; H, 3.36.

5,6-Dimethyl-2-methylthio-2-ozazolinium  picrale (IVh).
Methylation of 0.5 g. of 5,5-dimethyl-2-thiooxazolidone® in
absolute ethancl, as described above, gave 0.82 g. (57%
yield) of picrate, m.p. 132-134°. Yellow prismatic erystals,
m.p. 133-134.5°, were obtained op recrystallization from
chloroform-heptane.

Anal. Caled. for CuHN0:S: C, 38.50; H, 3.77; 5, 8.56.
Found: C, 38.64; H, 3.87; &, 8.54 ’

Thiazolinium picrafes. When 2-thiothiazolidone was re-
fluxed in ethanel with a slight excess of methyl iodide for
45 min., 2-methylthio-2-thiazoline was isolated as the picrate
in 51% yield.®* When the reactants were refluxed for 45
min, in the presence of sodium ethylate, the picrate was
obtained in 84% yield.

‘The  preparation of 2-methylthio-2-thiazoline by the
cyclization of methyl 2 hydroxyethyldithiocarbamate has
been reported by Crawhall and Elliott™ and the melting
point of the picrate given as 123°. The picrate obtained in
this Laboratory, however, melted at 150-151°. Since #le
structures of the cyclization products invelved are of con-

(18) H. A. Brusen and J. N. Enstes, J. 4m. Chem. Sec.,
59, 2011 (1937).

{19) The preparation of 2-methylthio-2-thiazolinium
iodide from 2-thiothiazolidene and methyl iodide in 87%
yield by refluxing for 2 hr. in methanol has recently been
reported by McKay, et al.?

(20) J. C. Crawhall and D. F. Elkiott, J. Chem. Soc.,
3094 {1952).

R
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siderable interest,?* the preparation by the method of
Crawhall and Elliott was repented. The resulting picrate
melted at 150-151°, and the products from the two methoda
were found to be identical. '

The infrared spectrum of 2-methylthio-2-thiazelnium
picrate showed the following bands and intensities: 2.84(w),
6.14(z), 6.21(vs), 6.3%(vs), 6.45(vs), 6.58(s), 6.74(m),
6.97(m), 7.32(s), 7.51(s), 7.61(s), 7.95(vs), 8.65(s), 9.30(m),
9.52(m), 10.88(m), 11.00(m), 12.65(m), 13.46(m), 14.25(s),
and 1512(m) p ¢

2-Ethylthio-g-thinzolinium picrale, prepared by ethylation
under alkaline conditions, formed prismatic crystals, m.p.
112.5-114°, from aquecus acetone. o

‘Anal. Caled. for CuHN0:S,: C, 35.10; H, 3.22. Found:
C, 35.24; H, 3.30. ‘ ‘

Infrared spectra. The gpectra in the 2-8 region were
obtained emplying & Perkin-Elmer model 112, single
beam, double pass infrared spectrophotometer equipped
with ealcium fluoride optics. In the 8 4 to 16 4 region spec-
tra were obtained from a Baird model A, double beam
infrared spectrophotometer using sodium chloride optics.
All samples were run as potassium bromide disks with
approximately equal weights of eamples.
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Narrer, Mass,

(21) A. A. Rosen, J. Am. Chem. Sec.,, 74, 2094 (1952).




